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(SJ) Antenna configuration of an electromagnetic detection system and an electromagnetic detection 
system comprising such antenna configuration. 



(57) Antenna configuration of an electromagnetic 
detection system for detecting and/or identify- 
ing detection labels, comprising a first and a 
second antenna array which in operation are 
connected with a transmitter and/or receiver of 
the detection system. The first antenna array 
comprises a plurality of current loops substan- 
tially located in one plane, which together en- 
close a surface which at least partly overlaps a 
surface enclosed by a current loop of the sec- 
ond antenna array. The second antenna array 
also comprises a plurality of current loops sub- 
stantially located the plane referred to. 




FIG. 3 



CO 

in 

<0 



UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP 0 645 840 A1 



2 



This invention relates to an antenna configura- 
tion of an electromagnetic detection system for de- 
tecting and/or identifying detection labels, comprising 
a first and a second antenna array, which in operation 
are connected with a transmitter and/or receiver of 
the detection system and are located at least essen- 
tially and substantially in one plane, the first antenna 
array comprising a plurality of current loops. 

This invention also relates to an electromagnetic 
detection system comprising a transmitter and receiv- 
er unit and an antenna configuration coupled thereto. 

The detection systems referred to typically func- 
tion as shoplifting detection systems, which operate, 
for instance, as follows: the system generates a mag- 
netic alternating field by means of the antenna con- 
figuration. The frequency of that alternating field can 
for instance be varied over a predetermined frequen- 
cy interval. A passive detection label, which compris- 
es a resonance circuit which, for instance, consists of 
a coil and a capacitor, will generate a secondary mag- 
netic alternating field at those moments when an in- 
stantaneous frequency of the field is equal to the res- 
onance frequency of the label, as soon as this label 
is introduced into the field of the antenna configura- 
tion. This secondary magnetic alternating field can 
subsequently be received by a receiving antenna 
which is coupled to a receiver of the detection system. 
In a detection system of the absorption type, this sec- 
ondary field is received by the same antenna as the 
antenna with which the primary field has been gen- 
erated. The antenna arrays can be used not only as 
a transmitting antenna array, but also as a combined* 
transmitting and receiving array. In addition, the an- 
tenna arrays can be used as a receiving antenna ar- 
ray. 

Electromagnetic detection systems comprising 
antennas which generate an interrogation field in a 
detection zone and which detect a response of a label 
in the same detection zone are increasingly becoming 
subject to electromagnetic compatibility require- 
ments, EMC requirements for short, which impose 
limitations, on the one hand on the electromagnetic 
field which the (transmitting) antenna produces at a 
substantial distance outside the detection zone and, 
on the other, on the sensitivity of the (receiving) an- 
tenna to interfering fields of external sources. 

A detection array of the type described in the 
opening paragraph hereof is disclosed, for instance, 
in Dutch patent application 9201270. To meet the 
above-mentioned problems, in accordance with the 
Dutch patent application a first antenna array is used 
which comprises an 8-shaped antenna. The remote 
coupling of fields is then much smaller because the 
fields of the two halves of the 8-shaped antenna com- 
pensate each other at a distance. An 8-shaped anten- 
na which is used as a transmitting antenna will there- 
fore generate a negligibly weak electromagnetic field 
at a substantial distance. 



A disadvantage of the 8-shaped antenna is that 
in the middle the field lines run parallel to the plane 
of the antenna, so that a detection label oriented par- 
allel to the same plane cannot be detected then. In 

5 anti-shoplifting systems, this phenomenon is known 
as the trouser pocket effect. 

In accordance with Dutch patent application 
9201270 this problem has been overcome in that the 
second antenna array comprises an O-shaped anten- 

10 na, the first and second antenna arrays being control- 
led with transmitted signals which are 90° out of 
phase. 

A disadvantage of this antenna configuration is 
that the O-shaped antenna still generates a relatively 

is strong electromagnetic field at a distance. Such a 
field may have an interfering effect on an antenna 
which, for instance, is connected with the receiver of 
the detection system. 

Such interference could perhaps be prevented by 

20 reducing the strength of the transmitted signal. How- 
ever, the disadvantage of this solution is that the de- 
tection zone is reduced and also that the probability 
of a detection label being detected decreases. If the 
antenna configuration is also used as a receiving an- 

25 tenna, i.e. when the detection system is of the absorp- 
tion type, a receiver which is connected with the O- 
shaped antenna will also be sensitive to fields which 
have been transmitted at a substantial distance, so 
that the sensitivity of the receiver is limited. 

30 A further disadvantage of a combination of a first 

antenna array designed as an 8-shaped antenna and 
a second antenna array designed as an O-shaped an- 
tenna is that a rotary field is produced only in the mid- 
dle of the antenna configuration, where the field lines 

35 are perpendicular. In the middle of the two halves of 
the 8-shaped antenna, the field lines are not perpen- 
dicular and the rotary field is not optimal, i.e. the field 
is not the same in all orientations. 

The object of the present invention is to provide 

40 a solution to the above-mentioned problems and is 
characterized in that the second antenna array com- 
prises a plurality of current loops. 

An advantage of such an antenna configuration 
is that electromagnetic fields which are radiated by 

45 the antenna configuration will compensate each 
other at a substantial distance, i.e. will nullify each 
other. 

When the antenna configuration is used as a re- 
ceiving antenna, i.e. when the first and/or second an- 

50 tenna array is used as a receiving antenna, an advan- 
tage is present in that the receiving antenna is insen- 
sitive to electromagnetic signals radiated at a sub- 
stantial distance. As a result, the receiver can be 
made of a more sensitive design. 

55 Another advantage is that now the first and sec- 

ond antenna arrays substantially cannot be inductive- 
ly coupled with each other. In a large part of the de- 
tection zone the first and second antenna arrays are 



Qwcnnrirv ,cd nci co/ha 1 i „ 



3 



EP 0 645 840 A1 



4 



therefore independent, without being inductively cou- 
pled. This provides the possibility of generating a ro- 
tary field by controlling the first and second antenna 
arrays with transmitted signals which are 90° out of 
phase relative to each other. Then a field is present 
in two directions at all points in the detection zone, 
and the EMC requirements referred to above can be 
satisfied in that the radiated electromagnetic fields 
compensate each other at a distance, i.e. are reduced 
to zero. Because at several points the field lines of the 
first and second antenna arrays are at right angles, 
accordingly an optimum rotary field is produced, tike- 
wise at several points. To that end, the second anten- 
na array preferably comprises more current loops 
than does the first antenna array. In particular, the 
second antenna array comprises one more current 
loop than does the first antenna array. 

The antenna configuration according to the in- 
vention can also be utilized with advantage in an elec- 
tromagnetic detection system of the transmission 
type. With this type, either of the antenna arrays is 
connected with the transmitter and the other antenna 
array is connected with the receiver. Because the 
transmitting and receiving antennas are not induc- 
tively coupled, it is thus possible, in principle, to real- 
ize the same sensitivity as with a transmission sys- 
tem where the transmitting and receiving antennas 
are spatially separated from each other. 

An electromagnetic detection system according 
to the invention is characterized in that the second 
and fourth electrical conductors consist at least partly 
of a hollow electrically conductive tube, the first and 
third electrical conductors being inductively coupled 
with, respectively, the second and fourth electrical 
conductors in that the first and third electrical conduc- 
tors extend partly within the tube. 

An electromagnetic detection system according 
to the invention is also characterized in that the first 
and second antenna arrays are controlled, respec- 
tively, with first and second transmitted signals which 
have a relative phase difference of 90°, so that an 
electromagnetic rotary field is generated at several 
points in a detection zone. 

The detection system disclosed in European pa- 
tentapplication 93202073.8 can also be provided with 
an antenna configuration according to the invention. 
In the detection system disclosed in this European pa- 
tent application, in accordance with the invention the 
O-shaped antenna should then be replaced with a 
second antenna system with a plurality of current 
loops. Such a detection system is also considered to 
fall within the scope of the invention. 

U.S. Patent 4,633,250 discloses an antenna sys- 
tem which comprises two antenna arrays, each pro- 
vided with a plurality of current loops located in one 
plane. However, the current loops of the first antenna 
system enclose a surface which does not overlap the 
surface enclosed by the current loops of the second 



antenna system. The antenna configuration accord- 
ing to the U.S. patent is adapted to be connected with 
a transmitter, the first antenna array and the second 
antenna array alternately transmitting a transmitted 
5 signal for obtaining an alternating interrogation field. 
However, the antenna configuration does not have 
the property of being suitable for controlling both an- 
tenna systems simultaneously for obtaining a rotary 
field. Further, the antenna configuration is not suit- 
to able to connect either of the antenna arrays with a 
transmitter, while the other antenna array is connect- 
ed with a receiver. Although the antenna configura- 
tion further comprises a third antenna array, which 
functions as a receiving antenna, this antenna array 
15 only comprises one current loop. 

German Offenlegungsschrift 4,027,710 disclo- 
ses an antenna configuration which is also made up 
of two antenna arrays each provided with a plurality 
of current loops. However, the first and second anten- 
20 na arrays are not located, at any rate substantially not 
located, in the same plane. The current loops of the 
two antenna arrays accordingly do not enclose any 
surfaces which overlap each other. Accordingly, the 
first antenna array is intended exclusively to be con- 
25 nected with a transmitter, whereas the second anten- 
na array is intended to be connected with a receiver. 

The invention will now be further explained with 
reference to the drawing, in the drawing: 

Fig. 1 shows a first embodiment of a first antenna 
30 array of an antenna configuration according to 

the invention; 

Fig. 2 shows a first embodiment of a second an- 
tenna array of an antenna configuration accord- 
ing to the invention; 

35 Fig. 3 shows a first embodiment of an antenna 

configuration according to the invention; 
Fig. 4 shows an embodiment of an electromag- 
netic detection system according to the invention; 
Fig. 5 shows an alternative embodiment of an 

40 electromagnetic detection system according to 

the invention; 

Fig. 6 shows a second embodiment of a second 
antenna array for an antenna configuration ac- 
cording to the invention; 
45 Fig. 7 shows a second embodiment of a first an- 

tenna array for an antenna configuration accord- 
ing to the invention; 

Fig. 8 shows a second embodiment of an antenna 
configuration according to the invention; 
so Fig. 9 shows a third embodiment of a second an- 

tenna array for an antenna configuration accord- 
ing to the invention; 

Fig. 1 0 shows a third embodiment of a first anten- 
na array for an antenna configuration according 
55 to the invention; 

Fig. 11 shows a third embodiment of an antenna 

configuration according to the invention; 

Fig. 12 shows a fourth embodiment of a second 
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antenna array for an antenna configuration ac- 
cording to the invention; and 
Fig. 1 3 shows a fifth embodiment of a second an- 
tenna array for an antenna configuration accord- 
ing to the invention. 5 
The invention relates to an array of current loops 
in one plane, which generate an electromagnetic field 
in their direct environment but do not radiate a field at 
a substantial distance. The term "substantial dis- 
tance" should be interpreted broadly here, referring, 10 
for instance, to a distance which is much greater than 
the greatest cross section of the antenna configura- 
tion formed by the current loops. Such antenna con- 
figurations are typically used in shoplifting detection 
systems, where an interrogation field is generated in 15 
a detection zone by means of the antenna configura- 
tion. 

The detection zone may then have dimensions 
which are known per se, for instance of 50 cm, 1 m ( 
2 m, etc., all this depending on the dimensions of the 20 
antenna configuration. The field generated by the an- 
tenna configuration in the detection zone could then 
be designated as the nearf ield. The nearf ield and the 
far field, however, are notions which are known perse 
to the skilled worker and will therefore not be further 25 
defined here. Accordingly, the invention is not in any 
manner limited to the above examples of possible dis- 
tances for the far field and the near field. 

The current loops referred to can be used as a 
transmitting antenna array, but also as a combined 30 
transmitting and receiving array. In addition, the cur- 
rent loops can be used as a receiving antenna array. 

Electromagnetic detection systems comprising 
transmitting antennas which generate an interroga- 
tion field in a detection zone and receiving antennas 35 
which detect a response of a label in the same detec- 
tion zone, are becoming more and more subject to 
electromagnetic compatibility requirements or EMC 
requirements. These EMC requirements impose a 
limitation, on the one hand on the electromagnetic 40 
field which the transmitting antenna produces at a 
substantial distance outside the detection zone (the 
far field) and, on the other, on the sensitivity of the re- 
ceiving antenna to interfering fields of external sourc- 
es. For that reason, typically an 8-shaped antenna is 45 
used. The coupling with remote fields is then much 
smaller because the fields of the two halves compen- 
sate each other at a distance, i.e. they are reduced to 
zero. An 8-shaped antenna which is used as a trans- 
mitting antenna will therefore generate a negligibly 50 
weak electromagnetic field at a substantial distance. 

Also, an 8-shaped antenna which is used as a re- 
ceiving antenna is insensitive to electromagnetic 
fields which have been generated by a transmitter lo- 
cated at a substantial distance from an antenna. One 55 
embodiment of an antenna array 1 comprising an 8- 
shaped antenna is shown in Fig. 1 . The antenna array 
1 according to Fig. 1 shows an 8-shaped antenna 



comprising a first current loop 2 and a second current 
loop 4. In this example, both current loops are includ- 
ed in a flat plane 6, which is diagrammaticaily repre- 
sented in the drawing. The first current loop 2 enclos- 
es a first surface 8, while the second current loop 4 
encloses a second surface 10. The current loops of 
the first antenna array 1 have been wound such that 
a current flowing through the first current loop has a 
rotative direction opposite to the rotative direction of 
a current flowing through the second current loop. If 
the antenna array 1 functions as a transmitting anten- 
na array, an electromagnetic field 12 will be radiated, 
which is represented by dots in the drawing. 

A disadvantage of the antenna array as shown in 
Fig. 1 is that in the middle the field lines run parallel 
to the antenna plane 6 so that a detection label 14 
which is oriented parallel to the plane 6 t is not detect- 
ed. The parallel field lines referred to are designated 
in the drawing by reference numerals 16. In anti- 
shoplifting systems, the above-mentioned problem is 
known under the name of trouser pocket effect. 

In Dutch patent application 9201270 and in Euro- 
pean patent application 186483, this problem has 
been solved with magnetic rotary fields in which an 
O-shaped and an 8-shaped antenna are controlled 
with 90 Q phase difference. In that case, the antenna 
configuration consists of two antenna arrays located 
at least substantially in the same plane. A disadvan- 
tage of this is that the O-shaped antenna still yields 
too much magnetic coupling at a distance, which lim- 
its the sensitivity of the receiver or the maximum field 
strength of the transmitter. Intact, if the O-shaped an- 
tenna is connected with a transmitter, it will still gen- 
erate an electromagnetic field at a substantial dis- 
tance. On the other hand, a receiver connected with 
the O-shaped antenna will also be sensitive to fields 
radiated at a substantial distance, so that the sensi- 
tivity of the receiver is limited. Also, a receiver con- 
nected with another antenna will typically be subject 
to interference by the electromagnetic field still gen- 
erated by the O-shaped antenna at a substantial dis- 
tance. In the last-mentioned patent application, this 
disadvantage has been partly compensated by a 
screen on one side of the antenna. 

A second disadvantage of a combination of a first 
antenna array comprising an 8-shaped antenna and 
a second antenna array comprising an O-shaped an- 
tenna is that a rotary field will be generated exclusive- 
ly in the middle, where the field lines are perpendic- 
ular. In the middle of the two halves of the 8-shaped 
antenna, the field lines are not perpendicular and the 
rotary field is not optimal, i.e. the field is not the same 
in all orientations. 

U.S. Patents 4,251,808 and 8,024,264 disclose, 
besides the known 8-shaped antenna, a different an- 
tenna array (18), which is shown in Fig. 2. The anten- 
na array 18 consists of a rectangle, with cross con- 
nections at a quarter and three-quarters of the height 
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of the rectangle. The antenna array 18 thus comprises 
a third current loop 20, a fourth current loop 22 and a 
fifth current loop 24. The third current loop 20 enclos- 
es a third surface 26, the fourth current loop 22 en- 
closes a fourth surface 28 and the fifth current loop 
24 encloses a fifth surface 30. The second antenna 
array 18 is located in a plane 32, diagrammatically . 
represented in the drawing. The current loops 20, 22 
and 24 have been wound such that the rotative direc- 
tion of a current through the fourth current loop 22 has 
a direction opposite to the rotative direction of a cur- 
rent through the third current loop 20 and the fifth cur- 
rent loop 24. All this implies that an electromagnetic 
field 34 is generated which comprises two series of 
positions 36, 38 whose field direction is parallel to the 
plane 32. A detection label 14 located at one of the 
series of positions 36 or 38 will again not be detected 
then. On the other hand, the field generated by the 
fourth current loop 22 will be compensated at a sub- 
stantial distance by the electromagnetic field gener- 
ated by the third current loop 20 and the fifth current 
loop 24. The electromagnetic fields generated by the 
second antenna array 18 will therefore compensate 
each other or reduce each other to zero at a substan- 
tial distance. This renders the far field negligibly 
small. 

Fig. 3 shows a possible embodiment of an anten- 
na configuration according to the invention which sol- 
ves the problem of the trouser pocket effect. The an- 
tenna configuration according to Fig. 3 is made up of 
a first antenna array 1 , corresponding with the anten- 
na array according to Fig. 1 , and a second antenna ar- 
ray 18, corresponding with the antenna array accord- 
ing to Fig. 2. The plane 6 coincides with the plane 32. 
It also possible that the plane 32 is parallel to the 
plane 6 and is located at a small distance from the 
plane 6. Asmall distance can for instance be interpret- 
ed as a distance much smaller than a greatest section 
of one of the current loops. Accordingly, if it is dis- 
closed that the first and second antenna arrays 1 and 
1 8 are located at least substantially in the same plane, 
this is understood to encompass the situation where 
the two antenna arrays are located in two closely 
spaced planes. In that case, the two antenna arrays 
are located substantially in a plane located between 
the two planes referred to. It is stressed that this va- 
riant also falls within the scope of the invention. Also 
in the case where a small part of a current loop is lo- 
cated outside the plane in question, i.e. the current 
loop is located at least substantially in that plane, a 
variant is obtained which is understood to fall within 
the scope of the invention. 

The antenna configuration according to Fig. 3 
has the property that at a position in the space where 
the second antenna configuration generates a field 
which is parallel to the plane 6, 32, the first antenna 
configuration generates a field which is perpendicular 
to the plane 6, 32. Accordingly, the two fields referred 



to are at right angles. In Fig. 3 such positions have 
been designated by reference character 40. 

Accordingly, in a large part of the detection zone 
the first and second antenna arrays are independent, 

5 without being inductively coupled. This provides the 
possibility of generating a rotary field by controlling 
the two antenna arrays which have a relative phase 
difference of 90° with a transmitted signal. Then a 
field in two directions is present at any point in the de- 

10 tection zone, and the above-mentioned EMC require- 
ments can be satisfied in that the fields generated by 
the current loops compensate each other at a sub- 
stantial distance, i.e. reduce each other to zero. As is 
clear from Fig. 3, a detection label 14 which is parallel 

15 to the plane 6, 32 will be properly detectable. A detec- 
tion label 14', which is perpendicular to the plane 6, 
32, will be properly detectable as well. This means 
that detection labels with a random orientation can be 
detected at all times. Accordingly, the antenna conf ig- 

20 u ration of Fig. 3 can be utilized advantageously in an 
electromagnetic detection system such as is shown 
in Fig. 4. 

The detection system according to Fig. 4 com- 
prises a transmitter 42, which is coupled to an anten- 

25 na configuration 44, such as it is shown in Fig. 3. The 
rotary field described with reference to Fig. 3 is gen- 
erated by means of the transmitter 42. Further, de de- 
tection system comprises a receiver 46 and a receiv- 
ing antenna 48, coupled to the receiver, which may, 

30 for instance, be designed as an O-shaped antenna. A 
detection label 14, 14*, located in the detection field 
generated by the antenna configuration 44, will radi- 
ate a response signal which will be received by the re- 
ceiver 46 for further processing. According to an al- 

35 ternative embodiment of the electromagnetic detec- 
tion system, the receiver 46 and the receiving anten- 
na 48 are omitted. The system will then function ac- 
cording to the absorption principle, which is known 
per se. The transmitter 42 will radiate the rotary field 

40 such as it has been described hereinbefore. Accord- 
ing to this variant, the transmitter further comprises 
detection means for detecting an energy variation in 
the transmitted signal produced when a detection lab- 
el 14, 14' responds when it is located in the detection 

45 zone. 

The antenna configuration according to Fig. 3 
can also be used in a transmission system in one 
plane, one of the two antenna arrays being connected 
with the transmitter 42 and the other of the two an- 

so tenna arrays being connected with the receiver 46. All 
this is shown diagrammatically in Fig. 5. Because the 
first detection array 1 is not inductively coupled to the 
second detection array 18, in principle the same sen- 
sitivity can be realized with it as in a transmission sys- 

55 tern where the transmitting and receiving antennas 
are spatially separated. 

In Fig. 5 the transmitter 42 is connected with the 
first antenna array 1 , while the receiver 46 is connect- 

5 
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ed with the second antenna array 18. However, it is 
also possible that the transmitter is connected with 
the second antenna array 18, while the receiver is 
connected with the first antenna array 1. However, 
the electromagnetic detection system according to 5 
Fig. 5 does not have the possibility of generating a ro- 
tary field. On the other hand, the electromagnetic de- 
tection system according to Fig. 5 has the advantage 
that the magnitude of the generated electromagnetic 
field outside the detection zone is very small. The 10 
reason is that the fields generated by the current 
loops of the first antenna array will compensate each 
other at a substantial distance, i.e. reduce each other 
to zero. On the other hand, the second antenna array 
18, which functions as receiving antenna, has an ad- 15 
vantage in that it is insensitive to signals transmitted 
at a substantial distance, i.e. signals radiated by en- 
ergy sources located outside the detection zone. Ac- 
cordingly, the entire antenna configuration has a 
minimal coupling with the environment outside the 20 
detection zone. 

Fig. 6 shows an alternative embodiment of the 
second antenna array 18 of Fig. 3. The second anten- 
na array according to Fig. 6 is made up of a first O- 
shaped electrical conductor 50, which is part of the 25 
fourth current loop 22 and encloses the surface 28 
enclosed by the fourth current loop 22. In use the free 
ends of the electrical conductor 50 are connected with 
the transmitter a nd/oR receiver. The second antenna 
array further comprises a second electrically closed 30 
O-shaped electrical conductor 52, which encloses the 
sum of the surfaces 26, 28 and 30 enclosed by the 
third 20, fourth 22 and fifth 24 current loops. The two 
electrical conductors 50 and 52 are inductively cou- 
pled with each other. This means that the electrical 35 
conductors 50 and 52 in combination form the current 
loops 20, 22 and 24. The notion "current loop" should 
therefore not be interpreted in constructive terms but 
in functional terms. The properties of the alternative 
embodiment of the second antenna array 18' as 40 
shown in Fig. 6 are therefore entirely comparable with 
the antenna array 18 such as it is shown in Fig. 3. In 
the shortcircuited O-shaped electrical conductor 52, 
through inductive coupling with the O-shaped electri- 
cal conductor 50, a current 12 will flow in a direction 45 
opposite to the current 11, flowing through the O- 
shaped conductor 50. The ratio between the magni- 
tude of the currents 11 and 12 is proportional to the ra- 
tio between the magnitude of the sum of the surfaces 
26, 28 and 30 on the one hand and the magnitude of so 
the surface 28 on the other. The total current distrib- 
ution of the second antenna array 18' thus corre- 
sponds with the current distribution of the second an- 
tenna array 18. Accordingly, the antenna array 18 ac- 
cording to Fig. 3 can be replaced with the second an- 55 
tenna array 18' according to Fig. 6, yielding a new em- 
bodiment of an antenna configuration according to 
the invention. 



In Dutch patent application 91000397 a compar- 
able effect is described for an 8-shaped antenna. All 
this will be further described with reference to Fig. 7. 

Fig. 7 shows an alternative embodiment of the 
first antenna array 1 according to Fig. 3. Accordingly, 
the first antenna array 1 according to Fig. 3 can be re- 
placed with the first antenna array 1* according to Fig. 
7. Again, this yields a new embodiment of an antenna 
configuration according to the invention. The alterna- 
tive embodiment of the first antenna array 1 ' is made 
up of a third O-shaped electrical conductor 54, which 
encloses the surface 8 enclosed by the first current 
loop and whose free ends are connected in use with 
the transmitter 42 or with the receiver 46. Further, the 
first antenna array V comprises a fourth electrically 
closed O-shaped conductor 56, which encloses the 
sum of the surfaces 8, 10 enclosed by the first and 
second current loops. The conductors 54 and 56 are 
inductively coupled with each other. This entails that 
the electrical conductors 54 and 56 in combination 
form current loops 2 and 4. Accordingly, it holds for 
the first antenna array 1 and 1\ too, that the notion 
"current loop" can be interpreted in functional terms 
because a current loop can be formed by different 
conductors. If a current 13 flows through the conduc- 
tor 54, a current 14 will start flowing in the O-shaped 
closed conductor 56 as a result of the inductive cou- 
pling. The rotative direction of the current 13 will again 
be opposite to the rotative direction of the current 14. 
The ratio of the surface 8 to the sum of the surfaces 
8 and 10 will be proportional to the ratio between the 
magnitude of the current 14 and the magnitude of the 
current 13. 

If the second antenna array of Fig. 6 is combined 
with the first antenna array of Fig. 7 to obtain an an- 
tenna configuration according to the invention, the 
second and fourth electrically dosed O-shaped con- 
ductors may be one and the same conductor, such as 
it is diagrammatically shown in Fig. 8. It holds for the 
embodiments of the antenna arrays according to 
Figs. 7, 8 and 9 that K is relevant that an inductive cou- 
pling arises between the closed conductors 52 and 56 
on the one hand and the non-closed conductors 50 
and 54 on the other. This can, for instance, be realized 
by designing the closed conductors 52 and 56 at least 
partly as a hollow conductive tube. For Figs. 6, 7 and 
8 this has been shown in Figs. 9, 10 and 11, respec- 
tively. 

In Fig. 9 the closed electrical conductor 52 is 
made up of a U-shaped electrically conductive tube 
70 and a conductive base 72, the free ends of the U- 
shaped tube 70 being connected to the base 72. The 
conductive tube 70 has been provided with a plurality 
of apertures 74 through which the first electrical con- 
ductor 50 is passed from the inside to the outside of 
the tube. There where the electrical conductor 50 is 
located within the tube 70, a complete inductive cou- 
pling between the conductor 50 and the tube 70 is ef- 
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fected. The electrical conductor 50 is located outside 
the tube only where cross connections are formed. It 
is important that there where the electrical conduc- 
tors 50 and 52 run parallel side by side, the electrical 
conductor 52 is formed by the tube 70 in which the 5 
electrical conductor 50 is located. 

In Fig. 1 0 the electrical conductor 56 of Fig. 7 has 
been replaced with a combination of the hollow tube 
70 and the base 72. It holds here, too, that the third 
O-shaped electrical conductor 54 extends partly with- to 
in the tube 70 in order to obtain a good inductive cou- 
pling between the third electrical conductor 54 and 
the fourth electrical conductor 56, 70, 72. The opera- 
tion corresponds entirely with that described with ref- 
erence to Fig. 9 and will not be explained in detail 15 
here. 

It will be clear that the first and second antenna 
arrays of Fig. 3 can be replaced with the first and sec- 
ond antenna arrays according to Figs. 10 and 9. 

Fig. 11 shows an alternative embodiment of an 20 
antenna configuration according to the invention, in 
which the first and second antenna arrays according 
to Fig. 3 have both been replaced with the antenna ar- 
rays according to Figs. 9 and 10, and in which more- 
over the second and fourth O-shaped closed electri- 25 
caJ conductor 52, 56 is designed as one electrically 
conductive tube and an electrically conductive base, 
to which this tube is attached. Thus, the antenna con- 
figuration according to Fig. 11 is functionally equiva- 
lent to the antenna configuration according to Fig. 8. 30 
It holds here, too, that the cross connections of the 
first conductor 50 and the third conductor 54 extend 
outside the tube, while the parts of the conductors 50 
and 54 running close to and parallel to the electrical 
conductors 52 and 56 extend within the tube 70. 35 

It is stressed that the invention is not in any way 
limited to the various embodiments of the antenna 
configurations described hereinabove. Thus, for in- 
stance, the magnitude of the surface 8 need not be 
equal to the magn itude of the surface 1 0. Also, it is not 40 
essential that the sum of the magnitudes of the sur- 
faces 26 and 30 is equal to the magnitude of the sur- 
face 28. In particular, the surface 26 enclosed by the 
third current loop 20 will at least substantially entirely 
coincide with a part of the surface 8 enclosed by the 45 
first current loop 2 and the surface enclosed by the 
fifth current loop will coincide at feast substantially 
entirely with a part of the surface enclosed by the sec- 
ond current loop. Further, the surface enclosed by the 
fourth current loop overlaps at least a part of the sur- so 
face enclosed by the first current loop and at least a 
part of the surface enclosed by the second current 
loop. Preferably, the dividing line 11 located in the 
plane 6 divides the fourth surface 28 in two at least 
substantially equally large parts. Because the second ss 
antenna array comprises a plurality of current loops, 
the coupling with the environment at a substantial dis- 
tance is slight, as has already been explained herei- 



nabove. If the second antenna array moreover com- 
prises more current loops than the first antenna array, 
the two antenna systems can be made of indepen- 
dent design, without being inductively coupled. A spe- 
cial case is shown in Fig. 3, where the first antenna 
array comprises two current loops and the second an- 
tenna array comprises three current loops. It is also 
possible, however, to provide the first antenna array 
with three current loops and the second antenna ar- 
ray with four or more current loops. In particular, how- 
ever, the second antenna array comprises one more 
current loop than does the first antenna array. In any 
case, both antenna arrays each comprise at least two 
current loops. 

The second antenna array 18 of Fig. 3 may fur- 
ther be designed in a number of different ways, which 
variants are all understood to fall within the scope of 
the invention. The current distribution of the second 
antenna array according to Fig. 3 can be regarded as 
that of a combination of two identical partly overlap- 
ping 8-shaped antennas. All this can be designed in 
such a manner that the magnetic fields of two over- 
lapping halves of the 8-shaped antennas amplify 
each other so as to form the field that would be gen- 
erated by an O-shaped antenna in the middle thereof. 
The fields which are generated by the non-overlap- 
ping parts of the two 8-shaped antennas serve to 
compensate the field generated by the overlapping 
parts. Accordingly, at a distance these fields will com- 
pensate each other, i.e. reduce each other to zero. All 
this is shown diagrammatically in Fig. 12. A first part 
80 of a first 8-shaped antenna 82 overlaps a first part 
84 of a second 8-shaped antenna 86. In the drawing, 
the direction of flow is indicated by arrows. Thus, the 
electromagnetic fields generated by the overlapping 
parts of the 8-shaped antennas amplify each other. 

The antenna array according to Fig. 12 can also 
be regarded as a combination of two O-shaped con- 
ductors 88 and 90, one conductor being twice as large 
as the other, see Fig. 13. However, the current 
through the conductor 88 is twice as large as the cur- 
rent through the conductor 90 and moreover oppo- 
sitely directed, so that the electromagnetic fields gen- 
erated by the two conductors again compensate each 
other at a distance. These and other variants obvious 
to a person or ordinary skill are understood to fall 
within the scope of the invention. 



Claims 

1. An antenna configuration of an electromagnetic 
detection system for detecting and/or identifying 
detection labels, comprising a first and a second 
antenna array, which in operation are connected 
with a transmitter and/or receiver of the detection 
system and are located at least essentially and 
substantially in one plane, the first antenna array 
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comprising a plurality of current loops together 
enclosing a surface at least partly overlapping a 
surface enclosed by a current loop of the second 
antenna array, characterized in that the second 
antenna array comprises a plurality of current 
loops. 

2. An antenna configuration according to claim 1, 
characterized in that the second antenna array 
comprises more current loops than the first an- 
tenna array. 

3. An antenna configuration according to claim 2, 
characterized in that the second antenna array 
comprises one more current loop than does the 
first antenna array. 

4. An antenna configuration according to claim 1 , 2, 
or 3, characterized in that each current loop of the 
second antenna array encloses a surface which 
coincides at least partly with at least one surface 
enclosed by a current loop of the first antenna ar- 
ray. 

5. An antenna configuration according to any one of 
the preceding claims, characterized in that the 
first and second antenna arrays are at least sub- 
stantially non-inductively coupled with each 
other. 

6. An antenna configuration according to any one of 
the preceding claims, characterized in that the 
current loops in use have a current distribution 
such that far magnetic fields generated by the 
current loops compensate each other. 

7. An antenna configuration according to any one of 
the preceding claims, characterized in that the 
first antenna array comprises at least a first and 
a second current loop, while in use through the 
first current loop a current flows with a rotative di- 
rection which is opposite to the rotative direction 
of a current flowing through the second current 
loop; and the second antenna array comprises at 
least a third, fourth and fifth current loop, the 
fourth current loop being located between the 
third and fifth current loops, and in use through 
the fourth current loop a current flows with a ro- 
tative direction which is opposite to the rotative 
direction of the currents flowing through the third 
and fifth current loops, respectively. 

8. An antenna configuration according to claim 7, 
characterized in that the first and second current 
loops are located next to each other in the same 
direction as the third, fourth and fifth current 
loops. 



9. An antenna configuration according to claim 8, 
characterized in that the surface enclosed by the 
fourth current loop coincides with at least a part 
of the surface enclosed by the first current loop 

5 and at least a part of the surface enclosed by the 

second current loop. 

10. An antenna configuration according to claim 9, 
characterized in that the surface enclosed by the 

10 third current loop coincides at least substantially 

completely with a part of the surface enclosed by 
the first current loop, and the surface enclosed by 
the fifth current loop coincides at least substan- 
tially completely with a part of the surface en- 

15 closed by the second current loop. 

11. An antenna configuration according to claim 10, 
characterized in that a dividing line located in said 
plane between the first and second current loops 

20 divides the surface enclosed by the fourth current 

loop in two at least substantially equally large 
parts. 

12. An antenna configuration according to any one of 
25 the preceding claims 7-11, characterized in that 

the surface enclosed by the first and second cur- 
rent loops coincides at least substantially with the 
surface enclosed by the third, fourth and fifth 
current loops together. 

30 

13. An antenna configuration according to any one of 
the preceding claims 7-12, characterized in that 
the second antenna array is made up of a first re- 
shaped electrical conductor, which encloses the 

35 surface enclosed by the fourth current loop and 

whose free ends in use are connected with the 
transmitter and/or receiver, and a second electri- 
cally closed O-shaped electrical conductor,* 
which encloses the sum of the surfaces enclosed 

40 by the third, fourth and fifth current loops, the two 

electrical conductors being inductively coupled 
with each other and in combination forming the 
third, fourth and fifth current loops. 

45 14. An antenna configuration according to any one of 
the preceding claims 7-13, characterized in that 
the first antenna array is made up of a third O- 
shaped electrical conductor, which encloses the 
surface enclosed by the first current loop and 

so whose free ends in use are connected with the 

transmitter and/or receiver, and a fourth electri- 
cally closed O-shaped conductor, which encloses 
the sum of the surfaces enclosed by the first and 
second current loops, the third and fourth elect ri- 

55 cal conductors being inductively coupled with 

each other and in combination forming the first 
and second current loops. 
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15. An antenna configuration according to claims 13 
and 14, characterized in that the second and 
fourth electrically closed O-shaped conductors 
are one and the same conductor. 

5 

16. An antenna configuration according to claim 15, 
characterized in that the second and fourth elec- 
trical conductors consist at least partly of a hollow 
electrically conductive tube, the first and third 
electrical conductors being inductively coupled 10 
with the second and fourth electrical conductors, 
respectively, in that the first and third electrical 
conductors extend partly within the tube. 

17. An electromagnetic detection system comprising 15 
a transmitter and receiver unit and an antenna 
configuration according to any one of the preced- 
ing claims coupled thereto, characterized in that 

the first and second antenna arrays are control- 
led, respectively, with first and second transmit- 20 
ted signals having a relative phase difference of 
90°, so that an electromagnetic rotary field is 
generated at a plurality of positions in a detection 
zone. 

25 

18. An electromagnetic detection system comprising 
a transmitter and receiver unit and an antenna 
configuration according to any one of the preced- 
ing claims 1-16 coupled thereto, characterized in 

that one of the two antenna arrays is connected 30 
with the receiver unit of the system and the other 
antenna array is connected with the transmitter 
unit of the system. 
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